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A B S T R A C T   
The paper presents an exploratory assessment of ecosystem accounting’s potential to support marine and coastal 
governance. Norwegian kelp forest management and restoration, and a series of nested case studies are used as 
examples. By analysing a series of institutional experiments where ecosystem accounting (EA) can potentially be 
applied, and by including the theoretical lens of evolutionary governance, EA is found potentially valuable. It can 
enhance transparency in governance, elucidate material dependencies, and link stocks and flows of natural re-
sources with a broad spectrum of ecosystem services and values. EA nevertheless has to be considered as one tool 
among many others. Its use in a particular context can be best assessed when it is understood as being embedded 
in governance configurations which are in continuous transmutation. Different governance configurations will 
also shape the effectiveness of the tools. The linkages between EA, policy articulation and implementation should 
be considered in their complexity. It is argued that pure transparency does not exist, that neutrality of accounting 
tools is a fiction, and that the potential of EA is shaped by the governance context. At the same time, EA enables 
the discerning of new narratives about environmental and social risks, and the conservation potentials. It is 
argued that when assumptions and goals of EA are already shared within the governance context, the potential 
use of EA is even greater.   
1. Introduction 
This study assesses the potential of ecosystems accounting (EA) as a 
tool for coastal and marine governance. The assessment uses a case study 
of Norwegian kelp forests. Natural capital accounting systems view 
nature and ecosystems as assets which provide a stream of ecosystem 
service benefits to society [1]. Ecosystem accounting aims to trans-
parently render the flow of services from different types of ecosystems 
and make them comparable over time and space. The current System of 
Environmental-Economic Accounting (SEEA) has been applied mostly on 
land and pilot studies have applied SEEA to coastal zones in for example 
Canada, Australia [2] and Mauritius [3]. They have also been planned 
for the Netherlands [4]. Although land and coastal ecosystems and the 
services they provide share many common features, they still differ from 
each other significantly [5]. 
We therefore evaluate the application of the ecosystem accounting 
concepts to Norwegian kelp forest management and restoration, as an 
example of a shallow coastal ecosystem. The kelp forest is one of the 
most important coastal ecosystems along the Norwegian coast. 
Ecosystem accounting has not been implemented yet for the Norwegian 
coast, but there is much information available, gained from case studies 
in different regimes of governance, some of them experimental, so 
different potential roles for accounting can be examined and discussed. 
The paper is one of the first in the literature to address the role of 
ecosystem accounting in the context of marine governance. Theoreti-
cally, the paper deploys a selection of concepts from evolutionary 
governance theory, or EGT [6], to highlight the role of the new 
knowledge created through the accounting exercise, and to explore its 
potential in different regimes. 
1.1. Ecosystem accounting and ecosystems services 
Ecosystem accounting involves quantifying ecosystem extent, con-
dition, physical supply and use of ecosystem services, the monetary 
valuation of supply and use, and the periodic revision of asset values 
based on changes in predicted future flows of ecosystem services [7]. 
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Costanza et al. [8] give an overview on ecosystem services development 
in the last twenty years. Braat and de Groot [9] summarize the devel-
opment of ecosystem services thinking from ecological and economic 
roots. Gomez-Baggethun et al. [10] meanwhile provide a more thorough 
economic underpinning of ecosystem services perspectives. Traditional 
fisheries management (and the management of any other natural 
resource) has considered single species or ecosystems with a limited 
number of species in terms of changes of stocks which can increase and 
decrease. More recent thinking on services and accounting tries to 
incorporate natural capital in all its forms which has dramatically 
increased the number and properties of ecosystems which need to be 
identified, valued, and accounted for. The idea being that in such 
broader perspectives, the impact of human intervention, both old and 
new, as well as relations between interventions and between alternative 
courses of action can be made visible and measured [11,12]. As one is 
dealing then with a variety of resources, users and interests, it becomes 
necessary to speak of natural resource governance [13,14], and 
ecosystem accounting naturally seems to deserve a place in governance 
[15,16]. 
Ecosystem accounting aims to identify the temporal and spatial 
change in ecosystems’ contribution to society. The ability to identify 
change in the economic value of ecosystems is potentially important in 
evaluating the aggregate effects of different combinations of policy 
within an accounting area [17,18]. Accounting areas are defined by 
governance objectives. Ecosystem accounts are potentially one of 
several tools in governance towards sustainable social-ecological sys-
tems [16,19]. The current state of an ecosystem or a large area con-
sisting of various ecosystems is assessed over time. The potential effects 
of interventions can be scoped much more broadly as the accounting 
system itself already allows for evaluating many different effects (on 
stocks, changes in environmental assets or flows and services), while still 
maintaining a synthetic simplicity which can help decision-making in 
governance [20]. That combination of acknowledged social-ecological 
complexity and practical simplicity is anticipated to be attractive for 
decision-makers (c.f. [21]). In fact, we already know it is of interest 
because of the work undertaken on EA by the UN. 
1.2. SEEA as an integrated accounting system and an early synthesis 
The System of Environmental-Economic Accounting 2012-SEEA Central 
Framework was adopted in 2012 as an international standard for 
environmental-economic accounting by the United Nations Statistical 
Commission [1]. The central framework focuses on the interactions 
between the economy and the environment, and stocks and changes in 
the stocks of environmental assets. It puts statistics related to the envi-
ronment at the core of official statistics [1]. The central framework helps 
to compile information which can be adopted to create coherent in-
dicators to inform decision-making and to generate accounts. Building 
on the System of National Accounts (SNA) principles, the framework 
extends the System of National Accounts by including environmental 
assets [2,12]. 
In 2014 the SEEA Experimental Ecosystem Accounting (EEA) was 
launched [1] and three years later the SEEA EEA Technical Recom-
mendations appeared [7]. This is the first published reference to a po-
tential international accounting approach for ecosystems. SSEA 
represents a fundamental methodological development by making na-
tional accounts sensitive to spatial variation in ecosystem services flows 
and their value as assets (Fig. 1). Ecosystem extent, condition, physical 
supply and use are derived using ecosystem service mapping and 
modelling. 
SEEA EEA is under revision until 2020, when the UN statistic division 
aims to present an accounting standard for approval by governments. 
The current technical recommendations are a touchstone for the re-
flections on coastal accounting and coastal governance in this paper. 
Ecosystem accounting is still in experimental stages, while natural 
capital accounting (not necessarily following SNA standards) has been 
applied mainly to terrestrial environments [22]. The most comprehen-
sive ecosystem accounting has taken place in the Netherlands (e.g. Edens 
et al. [23] for Dutch water resource SEEA, Lof et al. [24] for Dutch 
carbon accounts). However, marine and coastal ecosystem accounting 
remains sparse [4]. Up to now, SEEA sectoral accounts include energy 
accounts, water accounts, land and ecosystem accounting and applica-
tions in agriculture, forestry, and fisheries. For marine and coastal 
water, aquaculture and fisheries are already mentioned as applicable 
areas. As a small island nation, Mauritius has carried out its first eco-
nomic valuation study for marine ecosystem services for sustainable 
oceans, a study which paved the way for a SEEA study on coastal and 
marine issues in the country [3]. Marine ecosystem accounts are also 
being planned for the Netherlands [4] and Finland [5]. One pioneer 
study on marine and coastal ecosystem accounting was applied in Port 
Philip Bay, in Victoria Australia [2]. Current ongoing projects include 
the European Commission’s Knowledge Innovation Project for an Inte-
grated System for Natural Capital and Ecosystem Services Accounting 
(KIP INCA) which is developing experiment marine ecosystem accounts 
for seagrass. 
The paper is structured as follows. Section 2 details the methodo-
logical approach. Section 3 develops the theoretical frame, looking at 
accounting in governance. Section 4 then focuses more specifically on 
ecosystems accounting in evolving governance. Section 5 introduces the 
case study and the three nested case studies of different approaches to 
managing the Norwegian kelp forests. Section 6 discusses several ana-
lytic issues emerge from the cases studies regarding the potentials of EA 
for coastal governance. Section 7 concludes. 
2. Method and materials 
As no EA has been implemented in Norway, the study is conducted 
based on existing data collected from fieldwork and survey, GIS 
modelling and theoretical analysis. This is a desk study using available 
information on kelp forests to evaluate the potential for a marine EA in 
Norway (e.g. Refs. [25–27]). We follow the path of [5] in exploring the 
potential of EA. Kelp ecosystems in Norway provide the case study to do 
this exploration, because of the availability of data and the relevance for 
the topic (different stressors, services, benefits). Moreover, within the 
Fig. 1. The innovation of SEEA EEA is accounting for spatial variation in 
ecosystem services. Basic spatial units (BSU), in the form of grid squares or 
small polygons, support the delineation of Ecosystem Assets(EA) and Ecosystem 
Types (ET) and the organization of spatial data sets for ecosystem accounting. 
The purpose of BSUs is to provide a fine level frame to which a range of 
different information can be attributed [7]. 
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Norwegian case we can identify three nested case studies, sharing the 
general Norwegian governance framework but representing different 
local/regional governance configurations and marine regions. This di-
versity of contexts helps with the identification of different potential 
roles of EA. 
Following the SEEA EEA Technical Recommendations [7] and the 
KIP INCA EEA protocol draft on experimental seagrass ecosystem ac-
counts [28], we construct and develop the kelp EA accounts for Norway. 
The construction follows the steps adjusted from the SEEA EEA Tech-
nical Recommendations [7]: construction of ecosystem extent account, 
construction of condition account, choosing ecosystems services, and 
valuation of those services. 
The analysis of potential governance implications of and roles for EA 
is based on a theoretical analysis and on analysis of the case studies, 
where different issues and governance regimes conspired to suggest 
several roles and limitations of EA depending on context. One gover-
nance regime is chosen in each regional sea area along the Norwegian 
coast. We mapped the main ecological and economic issues, the existing 
governance configuration (i.e. the pattern of actors, institutions, power 
and knowledge per case [29]), the expectations of EA, the results of 
initial studies, and extrapolated from there to delineate potential roles 
and limitations of EA. 
3. Accounting in governance 
Accounting is a powerful management technique, which renders an 
organization more transparent for itself, and can guide continuous 
adaptation and strategic orientation ([30–32]). One can observe since 
the 1980’s a double movement in public sector governance. The first 
refers to the introduction of more private sector management techniques 
to public sector organizations. The second involves bringing these 
techniques to governance. Therefore, the configurations of private and 
public actors together articulate collectively binding decisions [33–35]. 
Under the influence of this so-called New Public Management 
(NPM), accountability of public sector organizations became more 
emphasized and simultaneously reduced to accounting [12,36,37]. Ef-
ficiency and effectiveness of public sector organizations and of gover-
nance was thus expected to become more measurable and accountable 
[18,38]. While indicators themselves could be very synthetic, i.e. relying 
on a wide variety of underlying data and interpretations to capture 
broad concepts, they also promised to enable or enhance policy inte-
gration [16,39]. The increased transparency can help to coordinate the 
different policies aiming at the same goal. 
Accounting concepts were stretched in the process of proliferation of 
indicators [16,40]. They were used as if they were similar enough to 
more traditional accounting techniques, measuring inputs of something, 
outputs of either the same item or a product (to be translated back to the 
original unit, i.e. monetary value/currency), in a process that took time, 
labor, and other resources [41,42]. This ideally could be translated back 
again to monetary value. The influence of NPM then engendered a 
metaphorical use of accounting, with a distance sometimes being taken 
from the idea of changing stocks of capital, from savings and in-
vestments to viewing nature as capital. 
Which forms of accounting work well in governance, hinges on the 
form of governance and the particular history of governance (the 
governance path) in a particular area [37,40,43]. Indicators can bring 
actors closer together, but they can also spark dissension [42,44]. 
Reduction of governance activities, inputs and results to numbers can be 
more acceptable under certain circumstances, less so in others [45,46]. 
When it comes to the results of governance in an exterior environment 
(e.g. the management of fish stocks), the impact of the policy itself might 
be hard to discern. The bundle of factors and set of feedback loops 
affecting the numbers are not always grasped by the accounting system 
and need to be analyzed separately [47]. 
Moreover, the knowledge and infrastructures necessary to measure, 
monitor, discuss and integrate various flows of information needed for 
achieving synthetic and quantifiable goals, are not always present [20, 
48]. In addition, many critics of governance by numbers have noted that 
each form of accounting exercise and each set of indicators creates a 
unique form of transparency (not a generalized form of transparency) 
[49] while it also comes with new and unique forms of opacity [21,50, 
51]. 
This is not surprising, as the more synthetic an accounting system 
becomes, the more steps and forms of interpretation are required, to 
condense a variety of phenomena into a number [47,52]. This means 
that some parts are made visible, others made invisible and some new 
entities are constructed in the process, while pre-existing entities 
(recognized outside governance and their academics) might be forgotten 
or blurred [37,41,43]. 
4. Ecosystems accounting in evolving governance 
If we follow the resilience school of thought and consider governance 
to be part of social-ecological systems, as managing the linkage of social 
and ecological systems, then the evolution of governance is relevant for 
the state of ecosystems [14,49]. Actors push their interpretation and 
bring their knowledge to bear on the construction of indicators and 
accounting values and entities [53]. Once the numbers are produced, 
different actors accept or dispute them, using them for their own pur-
poses, interpreting and drawing different conclusions in terms of linkage 
with institutions (plans, policies, laws) where they could play a role 
[54]. 
In the case of ecosystems accounting, the complexity of observations 
and monitoring required to build the accounting systems offers more 
possibilities for interpretation, and for selectivity, i.e. the selection of 
objectives, areas and features to monitor, how often to repeat the 
monitoring and where to place them in the context of the construction of 
the accounting parameters [16,55]. In particular, the definition of ser-
vices, linked to value in one direction, and to measurable indicators of 
those services in the other direction (in the construction process of the 
accounting system), plus the need to bring in different ecosystems and 
their services on the same footing, to make them fit the accounting 
system, offers many spaces for interpretation and for power/knowledge 
interaction (c.f. [14,18,50]). 
For EGT, each governance path is marked with dependencies, i.e. ri-
gidities which render certain developments more likely than others. 
Either building in new forms of accounting in governance or importing 
the results of such accounting systems in governance will alter the 
governance configuration. Such change will be subjected to the unique 
sets of pressures stemming from unique sets of dependencies [14]. A new 
accounting system will be subjected to and alter the interdependencies 
between actors, between institutions and between actors and in-
stitutions The requirements of the new system will alter the relations. 
Relations based on old flows of information and old chains of 
decision-making are likely to shift, while in the other direction, 
entrenched relationships are likely to shape the form and use of the 
accounting system [56]. 
Path dependencies, as legacies from the past in the governance path, 
similarly affect form, functioning and effect of the accounting systems; if 
a particular type of information was never cherished, if policies based on 
that information easily disappeared on to a shelf, these legacies present 
obstacles to overcome, for ecosystems accounting systems [6,14,57]. 
Each governance path is also marked w goal dependencies; effects of vi-
sions of the future on the current reproduction of governance [29]. That 
means that an assumed link between accounting results and corrective 
interventions cannot be simply assumed (c.f. [58,59]). The link can be 
weak or strong and take many forms. 
EGT further distinguishes material dependencies where a particular 
governance system might be particularly affected by materiality, both 
man-made and of natural origin [14,60]. For ecosystems accounting, 
this can make a big difference, as not the mere numbers but the numbers 
in the context of heightened sensitivity for a particular ecosystem, because of 
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material dependencies, can inspire collective action through governance 
[16,38,61]. Such sensitivity to a particular environment cannot be read 
simply as literal dependence on a resource, a place or a living environ-
ment. Stories about the resource, entrenched in governance and 
assigning value to place, resource, and coordinated action with regards 
to the resource, can create links between accounting results, governance 
deliberation, and action [33,51]. In other words, the numbers in stories 
make a difference. This leaves space for a variety of potential roles for 
EA. 
It is acknowledged here that changes in the physical environment 
(which could be called ‘material events’, see Ref. [62]) can seep through 
governance systems, slowly or quickly, dramatically or marginally. 
Therefor their effects on governance, the path and goal dependencies 
engendered, will differ. This is a process which hinges on the features of 
the governance system, the physical environment, and the material 
affordances of the resources for a particular use [14]. It is further 
acknowledged that (c.f. [63]) the boundary between social system 
(including governance system) and ecological system (in its static ma-
teriality and its processual nature) never vanishes through any form of 
management, and that it never altogether stabilizes. New tools of 
observation and organization create new blind spots also for this reason, 
while old tools lose their grip for reasons never fully understood. 
In the following section, we present a marine ecosystem accounting 
case study for kelp forest from Norway to elaborate on the challenges 
and prospects for ecosystem accounting. We draw conclusions in terms 
of appropriate governance models and roles of SEEA where this could 
lead to appropriate action. From this exploratory case study, we will 
derive insights regarding ecosystem accounting for coastal areas and 
their governance, through an EGT lens. 
5. A case study: Norwegian kelp forest 
5.1. Kelp forest habitat: extent and condition along the Norwegian coast 
There are two major kelp species, Laminaria hyperborea and Sac-
charina latissima, along the coast of Norway. Both species of kelp forests 
have been lost for different reasons since 1970, mainly due to the sea 
urchin grazing along the Northern coast and eutrophication along the 
Southern coast. Kelp forests are highly diverse and productive ecosys-
tems [64] providing extensive ecosystem services locally and for adja-
cent systems [65,66]. Therefore, kelp forests are very important natural 
capital assets. 
Fig. 2 shows the coverage/extent of the major kelp species, Laminaria 
hyperborea and Saccharina latissima, along the coast of Norway. The 
orange area indicates the coverage has been reduced comparing to the 
period before the 1970s. Both L. hyperborea and S. latissima forests have 
been dramatically reduced in the Barents Sea and the northern part of 
the Norwegian Sea, where sea urchins (Strongylocentrotus droebachiensis) 
have destructively grazed the kelp forest [67]. For almost fifty years, 
dense sea urchin populations have resulted in desert-like barren 
grounds, meaning that the seabed is entirely covered with sea urchins. 
Kelp, particularly L. hyperborean, has prevailed only in the outer and 
most wave exposed areas. Kelp forests and sea urchin barrens are 
believed to be two stable states of the same ecosystem [68]. In contrast 
to kelp forest, sea urchin barrens are ecosystems with low productivity, 
supporting few other organisms other than the urchins themselves [69, 
70]. Biologists suspect that rising water temperatures and increased crab 
abundances will contribute to sea urchin decline, enhancing the recov-
ery of the kelp forests [69,71]. 
In the southern part of the Norwegian Sea, the North Sea and in 
Skagerrak, L. hyperborea kelp remains at the same coverage as what was 
the case in the period before the 1970s, as sea urchin grazing has not 
been taking place here. However, the S. latissima kelp is reduced in the 
North Sea and, to an even larger extent, Skagerrak. The deteriorated 
condition is found in the wave sheltered parts of the North Sea and in 
Skagerrak, mainly due to increased levels of nutrient [72,73]. 
5.2. Kelp forest: ecosystem services and their values 
Kelp forests provide many ecosystem services locally and for adja-
cent systems [65,66]. Fig. 3 shows the ecosystem services provided by 
kelp forests accommodating the IPBES’s definition of value pluralism 
[75]. Kelp forests create habitat for various macroalgae, invertebrates 
[64] and fish [76]. They function as a nutrient source for other eco-
systems [77] and in deeper areas [78]. Kelp forests provide regulating 
services by storing carbon in the biomass and sequestrating carbon in the 
sediments [79,80]. Gundersen et al. [25] estimated that the Norwegian 
sea urchin barrens potentially could be recovered to support more than 
50 million tons of kelp forest that could provide the coast with a similar 
amount of biomass every year and sequester more than 30 million tons 
of carbon. 
Kelp forests take up nutrients, serving a bioremediation function. 
They have been used in multi-trophic aquaculture to absorb superfluous 
nutrients from fish farming [81–83]. Kelp forests can also protect 
shorelines by dampening waves [84–86]. In addition, kelp forest pro-
vides provisioning services. Alginate extracted from Laminaria 
Fig. 2. Two maps showing the coverage/extent of the major kelp forest species in Norway, a map modified from Araújo et al. [74]. Left: Laminaria hyperborea, right: 
Saccharina latissima. Orange areas indicates that the coverage has been reduced compared to that before the1970s, purple areas indicates that the coverage remains 
the same as that before the 1970s. According to more recent knowledge, the S. latissima kelp forests in the Norwegian and Barents Sea are also reduced, despite this 
not being shown on this map. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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hyperborea is important raw materials for industries [87]. Harvesting of 
kelp can also benefit local communities, using the seaweed for a variety 
of purposes, both traditional and new although large scale commercial 
harvesting of kelp forest is currently only allowed between Rogaland 
and North Trøndelag in Norway. Kelp has also been used in both animal 
feed and human food products. The kelp forest itself also supplies cul-
tural recreational services as they are of major interests for diving and 
kayaking activities. Recovering kelp forests would attract more seabirds 
[88] and sea mammals [89], which would also potentially make walking 
along the coast more enjoyable. 
5.3. Ecosystem accounting: extent account, condition account and 
monetary values of ecosystem services 
Monitoring for kelp forest extent has been carried out in Norway for 
the last two decades. As the monitory data does not form a time series 
but rather a spot data across various regions, GIS rule based modelling 
are adopted to estimate the existing kelp forest extent (2010). GIS rule 
based modelling are also applied to predict the full forest extent during 
the 1970s where no monitoring data is available. In such way, a kelp 
extent account is constructed for the four regional seas along the Nor-
wegian coast, i.e. Skagerrak, the North Sea, the Norwegian Sea and the 
Barents Sea. The rules include the wave exposure and the slope of the 
seabed. Due to the limited data, the extent account only has two periods, 
1970s with full forest extent and 2010 for the status. More details for 
rule based GIS modelling can be found in Gundersen et al. [25]. As there 
was no data for the condition of kelp forests, two possible conditions are 
assumed, full forest and reduced forest condition. The reduced forest 
condition is assumed to have 50% of the biomass of the full forest. Due to 
the data restriction, only the monetary value for change in carbon stor-
age, supporting services and provisioning services are estimated. 
Table 1 shows how management hotspots shifts when adding 
different ecosystem services values, namely carbon deficit, social cost of 
carbon, change in values for supporting services, provisioning services 
(i.e. kelp harvesting). Both L. hyperborea and S. latissima are considered. 
Average welfare loss for supporting services when kelp forest status 
changes from full forest to urchin barrens is estimated at €70.70 per 
person per year for 0.04 km2 [27]. In Table 1, existing kelp forest in 
2010 is assumed to be in the condition that is the closest to a fully 
developed kelp forest in our data. If we only consider the kelp extent in 
2010, then Barents Sea and Skagerrak are the two regions that should be 
given management priority for both kelp forests (Column 4). When 
considering the areas lost from before 1970 to 2010 (i.e. change in the 
extent), the Norwegian Sea region should be the top priority area for 
restoration activities for both kelp species and Barents Sea listed as the 
second (Column 5). The reduction in nutrient load is the main measure 
to reduce the stressors for S. latissima in Skagerrak. Reducing sea urchin 
population i.e. grazing pressure on both kelp species, is the main mea-
sures to restore kelp forests in the Norwegian Sea and the Barents Sea 
(Column 12). The results therefore show the importance of looking at 
the changes rather than status, and how the governance measures will 
change. 
In Table 2 we consider the condition of the kelp forest in addition to 
the extent. The standing biomass in 2010 for the Norwegian Sea is 
assumed to be in moderate condition, i.e. 50% of the biomass of the full 
condition. Combining insights derived from Tables 1 and 2, we illustrate 
how change in condition i.e. the change in biomass of standing kelp 
forest, will affect the management hotspots. When change in social cost 
of carbon and provisioning services are considered, the second priority 
area for S. latissima becomes the North Sea in Table 2 where reducing 
nutrients loading is the main management measures. 
Another interesting point we found when comparing the change in 
ecosystem services values in both tables is that the supporting services 
value for biodiversity conservation and juvenile fish from kelp forests is 
the highest among all other values listed. It dwarfs the social cost of 
carbon as well as the kelp harvesting value. This indicates the impor-
tance to conserve and recover kelp forests in terms of social welfare 
rather than a short term focus on the commercial use through kelp 
harvesting – if we assess based on the values given to the different ser-
vices. This first general application to the case demonstrates therefore 
the EA potential to identify management priorities, in spatial and in 
topical terms. It also reiterates the point that priorities in management 
remain choices as here the value assigned to different functions where 
no markets exist or where values go beyond markets (e.g. conservation) 
is always a matter of interpretation. 
5.4. Kelp forest EA and the current marine governance 
With some examples of Norwegian coastal and marine governance 
regimes, we are able to address the potential benefits and challenges for 
the embedding of EA in that context. The Norwegian context is also not 
unified, meaning that the space and the activities (c.f. services) 
Fig. 3. Values and ecosystem services provided by kelp forests. Diverse values related to nature, nature’s contributions to people and a good quality of life are 
adjusted for kelp forests from Pascual et al. [75]. 
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associated with the kelp forests are not governed by the same regime, 
the same configuration of actors or the same institutions. The following 
paragraphs engage with several aspects of Norwegian marine and 
coastal governance which could benefit from EA for the kelp forest. 
5.4.1. Case 1: Norwegian Barents Sea management plan and Skagerrak 
protected areas 
The Integrated Management of the Marine Environment of the Barents 
Sea and the Sea Areas off the Lofoten Islands was completed in 2006 and 
revised in 2015 [91–93]. The plan aims to achieve an integrated and 
ecosystem-based marine management, focusing on the impacts of 
climate change on the artic area including vulnerable areas like mar-
ginal ice zone and its ecosystems, the changing economic activities such 
as fishery, maritime transport, and petroleum activities [92]. The plan 
also integrates policies pertaining to the management of the Barents Sea 
in Northern Norway and Russia in terms of commercial fishing rights in 
each other’s national zones and quotas for both joint fishing stock and 
national stocks. The plan aimed to establish a new governance regime 
for the area, giving place to a variety of interests, uses and users. This 
Northern marine ecosystem is categorized as intact (despite a long his-
tory of fisheries) and comprises diverse habitats and highly valued 
species of whales and seabirds. Due to climate warming, ice zones are 
retreating. Change in ice condition makes more areas accessible to 
various activities. Increasing commercial fisheries, oil and gas produc-
tion and shipping put a pressure on the environment [93] and make new 
demands on management in the area [92]. In the context of kelp EA, the 
coastal areas (i.e. the shallow hard bottom areas under the water along 
the coast) are dominated by urchin barrens. Restoration of kelp has been 
carried out on a small scale basis in various research projects. 
Because of the clearly delineated area and the special distribution of 
powers, resources and responsibilities, a more generalized marine EA 
might be more realistic and beneficial to governance, within which a 
kelp forest EA can play a circumscribed role. The governance context is 
more articulated and stable than usual for marine environments, the 
focus sharper and knowledge intensity higher, and all these governance 
features make it more likely for EA to work. For example, monitoring 
system for ecosystem and economic activities such as fishery, oil and gas 
exploitation and shipping activities are well stablished. This means that 
EA in the Arctic should have a good data base to track the physical 
change of ecosystem and economic value of the ecosystem services like 
fisheries, even if there will be new commercial activities in the future. 
This is more relevant when there is a shared agreement that both con-
servation and development are important goals of the specialized 
governance regime. This also cemented a place for ecological knowledge 
and associated actors in governance, making the application of EA and 
its translation into strategy more likely. 
Marine protected areas are similarly promising governance regimes 
for the application of EA (c.f. [94]). If conservation is the main goal in a 
delineated area, then the listing of resources, species, and features of the 
environment to be protected can be expected to be easier than in most 
other governance regimes. Therefore, the focus of observation may also 
be easier to define and the accounting excise easier to carry out [14,17, 
20]. The number of ecosystem services to be considered might also be 
lower, especially if few services directly benefitting people are 
envisioned. 
One of the Norwegian marine protected areas of interest is the Ytre 
Hvaler National Park, near Fredrikstad county, in the southern Ska-
gerrak region. It covers an offshore area of 354 km2 with diverse fauna, 
underwater algae and rich bird populations [95]. Within the park 32 
plant species are on the red list. It also contains a 1200 m long cold water 
coral reef belt that is unique in Europe [96]. The area also covers a large 
patch of L. Hyperborea kelp forest but with little S. latissima. MPA’s such 
as Ytre Hvaler should be promising pilot cases to use EA to track change 
and integrate the physical change and change in the economic values of 
ecosystem services and related human activities for the National Park. 
SEEA has been carried out successfully for the same purpose for the Ta
b
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Great Barrier Reef in Australia [97]. This will further contribute to 
achieving the ecosystem based management goals for the area. A coastal 
and marine EA, encompassing kelp and coral, will support the moni-
toring and evaluation of the MPA over time. 
5.4.2. Case 2: kelp harvest management areas 
Kelp harvest management is restricted to certain defined areas and 
can be considered part of the mosaic of marine and coastal governance 
in Norway. It comes with its own set of actors and institutions, its own 
set of power/knowledge relations, including its own preferential forms 
of institutionalized knowledge. The difference however with the previ-
ous forms of marine governance, is that the kelp areas should be 
considered more as overlay zoning, in planning terms, rather than a 
comprehensive plan [98,99]. In other words, the level of policy inte-
gration within the harvest management plans is lower than in the 
guiding institutions of the previously mentioned governance models, 
and that means that other considerations, other uses, and other users, 
are coordinated at lower regional level i.e. the county level, by means of 
other institutions such as regional regulations and in other arenas such 
as local hearing and demonstration (c.f. [11]). While in a coastal and 
marine context these arenas are not likely to proliferate (as most people 
and activities still live on land), this does make a difference, as there is 
no mandate to envision all possible and occurring activities and to 
balance them. The impact of EA, while eminently possible for the 
resource, is therefore less likely to determine the conservation outcome 
of the area (as distinct from the resource). 
Kelp harvesting in Norway dates back several centuries. Kelp 
trawling for L. Hyperborea have been allowed since the 1970s. Kelp 
trawling at an industrial scale is permitted in chosen coastal areas from 
Rogaland to Northern Trøndelag where water depth is between 5 and 15 
m [100]. The harvesting plans are detailed in each coastal county. In 
general, a zoning plan is implemented. In each area that is open for 
harvesting, one fifth of the area will be harvested each year so that kelp 
forest will have 5 years of recovery period [101,102]. Monitoring of the 
kelp forest condition is done in the harvested area each year to assure the 
sustainable use of the resources. Early closure of the area will be 
implemented if the monitoring shows degradation of the kelp forest. 
Kelp EA is expected to play an important role, not only by providing 
information on the condition and extent of the kelp habitat itself 
(already included in current monitoring scheme), but by providing in-
formation on the benefits to the human society via ecosystem service 
accounting. In other words, strong existing monitoring practices can 
provide a basis for extension into EA. One can speak of positive path 
dependencies. 
EA in this context can provide a better picture of trade-offs between 
different stakeholders, including large international harvesters, fishers, 
tourists, and local communities. It takes 6–7 years for a kelp forest to 
recover, if one includes flora and fauna depending on it [100]. This is 
longer than the current 5 years’ rotation period. Kelp EA could support 
decision-makers to find rotation schedules which can better balance 
various interests, depending on the local condition of the kelp forest, 
ecosystem services and values to the society. For example, with 5-year 
rotation period, the international harvesters could maximize their 
profits (provisioning service). With 6–7 years or even longer rotation 
period, the kelp forests have a better function as a habitat for juvenile 
fish, supporting various other species which create more values for the 
whole society (supporting service). In addition, fishers will benefit from 
increased fishing stocks. And tourists increase their enjoyment during 
kayaking, diving or paddling (Cultural service). However, with longer 
than 5-year-old rotation period, the value for provisioning service will 
be less while the value for supporting services and cultural services will 
be higher. Here ecosystem services can be either valued by physical 
terms or monetary terms. 
It has to be said however that already this initial analysis points at 
the potential conflicts coming out of EA or current monitoring scheme. 
Current management plans may have to be rewritten and renegotiated, Ta
b
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which is not a matter of ‘implementing’ the monitoring scheme or po-
tential EA, but of altering power relations and forcing a new compro-
mise. Negotiations among various stakeholder groups have been 
observed in the latest negotiation process for a new management plan 
for kelp harvesting in the Trøndelag area. The strong monitoring in 
existence, in all likelihood underpins an old compromise (as commonly 
observed since Burchell et al. [59], Mellemvik et al. [58], Mouritsen 
[43], and more recently by Virto et al. [103] and Bartelmus [16]). 
5.4.3. Case 3: aquaculture zoning 
EA is also expected to play a role in zoning for aquaculture. That is, 
the kelp forest is considered a buffer around aquaculture activities, with 
the kelp forest playing the role of natural asset not to be affected by the 
fish farming, and simultaneously as a buffer absorbing excess nutrients 
from those activities, protecting marine ecosystems farther away. The 
nutrients moreover promote the growth of certain kelp species, although 
one cannot go as far as to state that the overall effect is positive. 
Particularly L. Hyperborea can experience extensively increased growth 
near aquaculture [81–83]. 
If for example kelp EA is set to be institutionalized in Hardangerf-
jorden, Norway’s largest aquaculture area, where many negative envi-
ronmental effects of the industry have been observed and stirred 
discussion, kelp EA could help map and monitor the state of the kelp 
forest. Kelp EA in this case can show the multi-dimensional effects of 
aquaculture on its surroundings, both positive and negative. In a broader 
context, involving other forms of ecosystems accounting (beyond kelp 
EA), it is expected to assist in estimating (later balancing) tradeoffs 
between aquaculture and fisheries. 
It should be noted that the Hardangerfjorden has not been involved 
in a fully-fledged zoning system, let alone comprehensive marine spatial 
planning. In fact, the institution at work for aquaculture is what is 
locally called a ‘traffic light system’, with red light meaning halting 
production expansion and green light indicating permission to expand. 
Beside this, conservation zones for lobster harvesting are created in the 
inner part of Hardangerfjorden. A general EA of natural capitals could 
show how well defined the basic form of zoning is, i.e. the traffic light 
system, is based on assessment of carrying capacity of kelp areas for 
adjacent fish farming. EA might also be useful to assess how the traffic 
light system can be coordinated with conservation zones for lobster 
harvesting. In other words, EA can play a role in governance by coor-
dinating different sub-systems and governance tools (different parts of 
one larger area, marked by different governance approaches and tools). 
6. Analytic issues and discussion 
In studies and discussions on the different cases, the accounting units 
can be hard to define. As always in accounting, the question is what can 
be counted, how, and how the results can be translated back to monetary 
value. This adds to our earlier discussion on the relation between ac-
counting rules and assumed structures, together forming a picture of a 
system enabling further decision-making. The accounting system is a 
mirror of an external system incorporates internal features of the 
observing system, either through reproduction of shared assumptions or 
through reproduction of power relations [60,104]. 
Many have also observed that EA comes with a risk of focusing on 
accounting at the expense of complete understanding of the issues (in 
the case studies, and in the recent more critical literature, including 
Bartelmus [40], Virto et al. [103,103], Schroter et al. [55]). More so-
phisticated accounting systems might not be better in this regard, as they 
are more prone to black-boxing; therefore, stopping a real discussion 
[19,53,54]. The mediating concept is that of relations. While in the ac-
counting systems each ecosystem asset can be considered separate, the 
linkage between various ecosystem assets cannot be overlooked. Link-
ages with effects and services outside the system are also routinely 
under-analyzed. Envisioning the scale of a coastal area could help in 
establishing and monitoring links between land and sea environments 
relevant for the accounting exercise. 
A second issue pertains to context and scale. Species might be 
migrating and ecosystems are always a human interpretation in their 
delineation. Effects of change may happen in one spot with one species 
and at the same time the effects can be spread to other places, areas, 
species, and ecosystems. All these effects cannot be entirely mapped or 
counted. This is both a practical and theoretical reality. One can also use 
the concept of ecosystems processes to point to the futility of defining 
stable frames in which to count stable units. For example, kelp forests 
are linked to sea bird and sea mammal populations on shore as the 
forests provide the fish that sea birds and sea mammals live on. Another 
issue of crossing boundaries is that of land-sea interactions. Human 
activity and natural events onshore affect coastal ecosystems and ser-
vices - earlier industry discharge dramatically reduced the S. latissima 
kelp forest in the Skagerrak area for example. On the other hand, coastal 
ecosystems will affect terrestrial ecosystems. Kelp forests for example 
provide habitat and nursing ground to small fishes and coastal cod 
which in turn contribute to sea gull populations which makes bird 
watching onshore more attractive. 
In addition, if we speak of ecosystems services, it is practically and 
theoretically impossible to map them out completely, in time and space. 
We do not know to what extent a small kelp area contributes to another 
ecosystem which connects to other ecosystems which can benefit soci-
eties far away or far into the future [18,50]. The same uncertainty clings 
to spatial and temporal scales. If we stay in the frame of social-ecological 
thinking, and include services to people and communities, then that 
adds more complexity, as communities redefine continuously who they 
are, what they want (value)and how their political and economic 
structures are organized [105]. 
Connected to the conceptual rigidity of EA and of accounting in 
general [36,40], and its limited ability to tackle processes and relations, 
is the blindness to the possibility of radical transformation of the 
ecosystem [106]. Rather than staying in a relatively stable state, an 
ecosystem is always changing and can shift into a qualitatively different 
regime. Some would speak of different ecosystems, others of different 
states of the same system. Indeed, we referred earlier to sea urchin 
barrens as a different state of the system we also called a kelp forest. If 
we are only counting, we may remain blind to issues of thresholds and 
irreversibility where timing of intervention is crucial before the 
ecosystem reach the thresholds [107]. 
For example, for marine protected areas, it makes a big difference 
whether the kelp turns into sea urchin barrens. But also for the other 
governance regimes, aiming at different dominant activities, such shifts 
are likely to be a game changer. Ecosystem assets can have thresholds 
above or below which irreversible degradation (or transformation, 
depending on your perspective) will occur. When sea urchin populations 
reach a certain threshold, the kelp forest spirals down into annihilation. 
Complex food chain interactions can generate threshold effects and thus 
regime change. This has already happened in many different ecosystems 
[108,109]. For SEEA, operating in social-ecological systems, the 
thresholds can be different for social and ecological systems (one can 
transform and the other collapse for example), and both can remain 
invisible [107]. 
The Norwegian cases also drove home the point that the potential of 
EA dramatically differs per type of governance, its ambitions and 
complexity. Where governance is sensitive to its material environment, 
where natural resources are at the core of governance, EA looks most 
promising as it shares dominant assumptions and goals with the 
governance configuration. EA should, therefore, never be the sole 
determinant of governance and should be considered together with 
other principles such as the precautionary principle. 
7. Conclusion: ecosystems accounting in evolving coastal and 
marine governance 
SEEA/EA has great potential to bring together the social and 
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ecological worlds in governance, as it attempts to make what is 
happening and what is valued in the social and ecological system 
commensurable (c.f. [41,42]). It can create a transparency in two di-
rections that is useful for decision-makers in governance, in situations of 
vulnerable resources and systems. Where other forms of accounting do 
not identify ecosystems, and especially where other sources of ecological 
information are also lacking, SEEA (and more broadly EA) hold great 
promise. We add, based on our theoretical and case analyses, that ma-
rine environments and other environments with a centrality of resource 
questions and a relative simple form of governance (in terms of actors, 
institutions, power/knowledge) make it attractive for some role of SEEA 
(and EA). In marine environments, the often observed governance gaps 
(e.g. Refs. [60,110]) are leading in many countries, as in Norway, to 
governance experiments and localized forms of governance, which offer 
new flexibilities and opportunities for path creation which can open 
spaces for tools such as SEEA (and EA). Under such conditions SEEA 
(and EA) also looks promising to further the policy integration which 
will be needed for comprehensive care or even restoration of habitats. 
Forms of governance such as Marine Spatial Planning could then likely 
emerge from a simpler governance configuration with SEEA (and EA) at 
its core. The Norwegian cases offer glimpses of different potential roles 
of SEEA (and EA) in such relatively simple marine/coastal governance 
configurations. 
In EGT terms, SEEA (and EA) is tightly coupled to a material envi-
ronment, and highly subjected to material dependencies. Of course, the 
idea is also to create new goal dependencies, with the overarching goal 
of conservation ideally now gaining more traction, having more influ-
ence on governance. And of course, that goal is directly tied to a material 
environment (protecting or reconstructing). It could also be said that 
where EA seems to offer most promise, is when it is understood that ma-
terial dependencies are strong with a double emphasis on the presence of 
strong material dependencies and a deep understanding of those mate-
rial dependencies within governance circles. If such understanding (say, 
the perception of a threat to a livelihood dependent on fishing) is 
prevalent, then it is more likely that ecological knowledge is accepted as 
part of decision making, and built into new institutions (policies, plans, 
laws), and that the added value of SEEA (and EA) is understood and 
linked to economic value (hence livelihoods). From there, it is more 
likely that the results of the accounting exercise would in some sense be 
‘implemented’, i.e. subjected to the double transformation from 
knowledge to policy (institution) and from policy into practices of co-
ordinated action (‘implementation’). 
Many possible roles for SEEA (and EA) in governance are imaginable 
including testing scenarios, defining scenarios, testing goals, and finding 
weak spots in current regimes. SEEA (and EA) aims to link and render 
commensurable very diverse systems across temporal and spatial scales. 
No forms of accounting are neutral and this form of accounting exists for 
a predefined policy goal, i.e. better protection of environments and re-
sources. SEEA (and EA) shows what is happening in a more synthetic 
way and finds new arguments for careful management in defining 
linkages with appreciated functions and activities. 
An EGT inspired assessment of SEEA (and EA) points out not only 
some mythologies (e.g. neutrality, transparency) and limitations (e.g. 
engineering of social-ecological systems, observation of changing re-
lations) but also engenders a new understanding of its potential. SEEA 
and its relatives can now be understood as persuasive storytelling [111] 
by players trying to push governance on a more sustainable path. If 
placed in and adapted to an always unique governance context, these 
forms of accounting can discern new stories while endowing them with a 
persuasive character by identifying new arguments, audiences, and 
allies. 
Funding 
This work was supported by European Union the COST Action 
“Ocean Governance for Sustainability – challenges, options and the role 
of science (OceanGov)” [CA15217]; European Union H2020 project 
“Marine ecosystem restoration in changing European Seas (MERCES)” 
[Grant number 689518]; and the Fram Centre Flagship MIKON project 
“Sea urchin harvest: ecosystem recovery, integrated management of 
social-ecological system, ecosystem service and sustainability 
(ECOURCHIN)”. 
Acknowledgements 
We thank David Barton for valuable comments on the SEEA. 
Appendix A. Supplementary data 
Supplementary data to this article will be provided on request https 
://doi.org/10.1016/j.marpol.2019.103758. 
References 
[1] System of Environmental-Economic Accounting 2012 Central Framework, United 
Nations, European Commission, Food and Agriculture Organization of the United 
Nations, Organisation for Economic Co-operation and Development, World Bank 
Group, New York, 2014. https://unstats.un.org/unsd/envaccounting/seeaRev 
/SEEA_CF_Final_en.pdf. (Accessed 27 October 2019). 
[2] M. Eigenraam, F. Mccormick, Z. Contreras, Marine and coastal ecosystem 
accounting: port phillip bay report to the commissioner for environmental 
sustainability, n.d. www.relayservice.com.au.. 
[3] R. Sultan, Economic value of marine ecosystem services for sustainable ocean 
management: the case of Mauritius, in: A. Nunes, PALD, L.E. Svensson, 
Markandya (Eds.), Handb. Econ. Manag. Sustain. Ocean, UNEP, Edward Elgar 
Publishing .Inc. UK and USA, 2017. https://www.elgaronline.com/view/edcoll/ 
9781786430717/9781786430717.00016.xml. (Accessed 27 October 2019). 
[4] C. Graveland, R. Remme, S. Schenau, Exploring the Possible Setup and Uses of 
Natural Capital Accounts for the Dutch North Sea Area, Report by Statistics 
Netherlands, 2017. 
[5] T.Y. Lai, J. Salminen, J.P. Jappinen, S. Koljonen, L. Mononen, E. Nieminen, 
P. Vihervaara, S. Oinonen, Bridging the gap between ecosystem service indicators 
and ecosystem accounting in Finland, Ecol. Model. 377 (2018) 51–65, https:// 
doi.org/10.1016/j.ecolmodel.2018.03.006. 
[6] K. Van Assche, R. Beunen, M. Duineveld, Evolutionary Governance Theory: an 
Introduction, Springer, 2014, https://doi.org/10.1007/978-3-319-00984-1. 
[7] Technical Recommendations in Support of the System of Environmental- 
Economic Accounting 2012. Experimental Ecosystem Accounting, United 
Nations, European Commission, Food and Agriculture Organization of the United 
Nations, Organisation for Economic Co-operation and Development, World Bank 
Group (White cover publication), 2017. https://seea.un.org/sites/seea.un.org/fi 
les/technical_recommendations_in_support_of_the_seea_eea_final_white_cover.pdf. 
[8] R. Costanza, R. de Groot, L. Braat, I. Kubiszewski, L. Fioramonti, P. Sutton, 
S. Farber, M. Grasso, Twenty years of ecosystem services: how far have we come 
and how far do we still need to go? Ecosyst. Serv. 28 (2017) 1–16, https://doi. 
org/10.1016/j.ecoser.2017.09.008. 
[9] L.C. Braat, R. de Groot, The ecosystem services agenda:bridging the worlds of 
natural science and economics, conservation and development, and public and 
private policy, Ecosyst. Serv. 1 (2012) 4–15, https://doi.org/10.1016/j. 
ecoser.2012.07.011. 
[10] E. Gomez-Baggethun, R. de Groot, P.L. Lomas, C. Montes, The history of 
ecosystem services in economic theory and practice: from early notions to 
markets and payment schemes, Ecol. Econ. 69 (2010) 1209–1218, https://doi. 
org/10.1016/j.ecolecon.2009.11.007. 
[11] J.I. Scrase, W.R. Sheate, Integration and integrated approaches to assessment: 
what do they mean for the environment? J. Environ. Policy Plan. 4 (2002) 
275–294, https://doi.org/10.1002/jepp.117. 
[12] L. Fioramonti, Gross Domestic Problem : the Politics behind the World’s Most 
Powerful Number, Zed Books, 2013. 
[13] K. Backstran, K. Backstrand, Civic Scienc e for Sustainabi lity Civic Science for 
Sustainability: reframing the Role of Experts, Policy-Makers and Citizens in 
Environmental Governance, Glob. Environ. Politics 3 (2004) 24–41. 
[14] K. Van Assche, R. Beunen, M. Duineveld, M. Gruezmacher, Power/knowledge and 
natural resource management: foucaultian foundations in the analysis of adaptive 
governance, J. Environ. Policy Plan. 19 (2017) 308–322, https://doi.org/ 
10.1080/1523908X.2017.1338560. 
[15] J. Rinne, E. Primmer, A case study of ecosystem services in urban planning in 
Finland: benefits, rights and responsibilities, J. Environ. Policy Plan. 18 (2016) 
286–305, https://doi.org/10.1080/1523908X.2015.1076721. 
[16] P. Bartelmus, Sustaining Prosperity, Nature and Wellbeing:What Do the 
Indicators Tell Us? Routledge, 2018 https://doi.org/10.4324/9781351140607. 
[17] M.B. Potschin-Young, R.H. Haines-Young, Ecosystem services: exploring a 
geographical perspective, Prog. Phys. Geogr. 35 (2011) 575–594, https://doi. 
org/10.1177/0309133311423172. 
[18] K.-G. Maler, S. Aniyar, Å. Jansson, K.-G. Maler, S. Aniyar, Å. Jansson, Accounting 
for ecosystems abbreviation SNA system of national accounts, Environ. Resour. 
Econ. 42 (2009) 39–51, https://doi.org/10.1007/s10640-008-9234-8. 
W. Chen et al.                                                                                                                                                                                                                                   
Marine Policy 112 (2020) 103758
10
[19] R.L. Burritt, S. Schaltegger, Sustainability accounting and reporting: fad or 
trend?, accounting, audit, Accountants’ J. 23 (2010) 829–846, https://doi.org/ 
10.1108/09513571011080144. 
[20] S. Therivel, R, E. Wilson, D. Heaney, Thompson, Strategic Environmental 
Assessment, Routledge, 2013. 
[21] C. Taylor, S. Pollard, S. Rocks, A. Angus, Selecting policy instruments for better 
environmental regulation: a critique and future research agenda, Environ. Policy 
Gov. 22 (2012) 268–292, https://doi.org/10.1002/eet.1584. 
[22] A. Ruijs, M. Van Der Heide, J. Van Den Berg, Natural Capital Accounting for the 
Sustainable Development Goals Current and Potential Uses and Steps Forward, 
PBL Netherlands Environmental Assessment Agency, 2018. www.pbl.nl/en. 
(Accessed 27 October 2019). 
[23] B. Edens, C. Graveland, Experimental valuation of Dutch water resources 
according to SNA and SEEA, Water Resour. Econ. 7 (2014) 66–81, https://doi. 
org/10.1016/j.wre.2014.10.003. 
[24] M. Lof, S. Schenau, R. de Jong, R. Remme, C. Graveland, L. Hein, The SEEA EEA 
Carbon Account for the Netherlands, Report by Statistics Netherlands and 
Wageningen University, 2017. https://www.cbs.nl/nl-nl/achtergrond/2017/4 
5/the-seea-eea-carbon-account-for-the-netherlands. 
[25] H. Gundersen, H. Christie, H. de Wit, K.M. Norderhaug, T. Bekkby, M.G. Walday, 
Utredning Om CO2-opptak I Marine Naturtyper, Report Norwegian Institute for 
Water Research, 2011. LNR 6070-2010. 
[26] P. Stevant, C. Rebours, A. Chapman, Seaweed aquaculture in Norway: recent 
industrial developments and future perspectives, Aquacult. Int. 25 (2017) 
1373–1390, https://doi.org/10.1007/s10499-017-0120-7. 
[27] S. Hynes, W. Chen, K. Vondolia, C. Armstrong, E. O’Connor, N. Papadopoulou, 
C. Smith, R. Groeneveld, R. Tinch, D7.3: Valuing the Benefits from Marine 
Ecosystem Restoration: A Choice Experiment, Deliverable for H2020 MERCES, 
2019. 
[28] L.A. Friedrich, L.V. Weatherdon, S. King, J. Vause, C. Brown, Experimental 
Seagrass Ecosystem Accounts: Protocols for Pilot Accounts, UNEP-WCMC 
Technical Report (Draft Version) on Behalf of the European Environment Agency 
as Part of the Knowledge Innovation Project on Integrated System for Natural 
Capital and Ecosystem Services Accounting, KIP INCA), 2019. 
[29] K. Van Assche, R. Beunen, M. Duineveld, Evolutionary Governance Theory: an 
Introduction, Springer, Heidelberg, 2013. 
[30] R. Gray, Accounting and environmentalism: an exploration of the challenge of 
gently accounting for accountability, transparency and sustainability, 
Accounting, Organ. Soc. 17 (1992) 399–425, https://doi.org/10.1016/0361- 
3682(92)90038-T. 
[31] J. Bebbington, J. Brown, B. Frame, Accounting technologies and sustainability 
assessment models, Ecol. Econ. 61 (2007) 224–236, https://doi.org/10.1016/j. 
ecolecon.2006.10.021. 
[32] A. Shtaltovna, K.A.M. van Assche, A.-K. Hornidge, Where did this debt come 
from? Organizational change, role ambiguity and development in rural Khorezm, 
Uzbekistan, Internationales Asienforum 43 (3–4) (2012) 179–197. 
[33] B. Latour, C. Porter, Politics of Nature : How to Bring the Sciences into 
Democracy, Harvard University Press, 2004. 
[34] S. Taylor, Critical policy analysis: exploring contexts, texts and consequences, 
Discourse 18 (1997) 23–35, https://doi.org/10.1080/0159630970180102. 
[35] M. Alvesson, T. Bridgman, H. Willmott (Eds.), The Oxford Handbook of Critical 
Management Studies, Oxford Handbooks, 2009. 
[36] T.M. Porter, Trust in Numbers : the Pursuit of Objectivity in Science and Public 
Life, Princeton University Press, 1995. 
[37] P. Miller, Governing by Numbers: Why Calculative Practices Matter, Soc. Res., 
New. York), 2001, pp. 379–396. 
[38] M. Hulme, The endowment of value, in: Why We Disagree about Clim. Chang. 
Underst. Controv. Ina. Oppor, Cambridge University Press, Cambridge, UK, 2009, 
pp. 109–141. 
[39] K. van Assche, N. Djanibekov, Spatial planning as policy integration: the need for 
an evolutionary perspective, Lessons Uzb., Land Use Pol. 29 (2012) 179–186, 
https://doi.org/10.1016/j.landusepol.2011.06.004. 
[40] P. Bartelmus, Do we need ecosystem accounts? Ecol. Econ. 118 (2015) 292–298, 
https://doi.org/10.1016/j.ecolecon.2014.12.026. 
[41] S. Kempeneer, W. Van Dooren, The Incommensurables: the Arduous Art of 
Making a Regulatory Indicator, Critical Policy Studies, 2019, pp. 1–18, https:// 
doi.org/10.31235/OSF.IO/U79PG. 
[42] B. Verschraegen, G, F. Vandermoere, L. Braeckmans, Segaert, Imagined Futures in 
Science, Technology and Society, first ed., (Hardback) - Routledge, Routledge, 
2017. https://www.routledge.com/Imagined-Futures-in-Science-Technology-an 
d-Society/Verschraegen-Vandermoere-Braeckmans-Segaert/p/book/978113821 
7379. (Accessed 27 October 2019). 
[43] J. Mouritsen, Accounting, culture and accounting-culture, Scand. J. Manag. 5 
(1989) 21–47, https://doi.org/10.1016/0956-5221(89)90004-3. 
[44] M. Jarvenpaa, Making business partners: a case study on how management 
accounting culture was changed, Eur. Account. Rev. 16 (2007) 99–142, https:// 
doi.org/10.1080/09638180701265903. 
[45] J.F. Henri, Organizational culture and performance measurement systems, 
Accounting, Organ. Soc. 31 (2006) 77–103, https://doi.org/10.1016/j. 
aos.2004.10.003. 
[46] E. Gomez-Baggethun, M. Ruiz-Perez, Economic valuation and the 
commodification of ecosystem services, Prog. Phys. Geogr. 35 (2011) 613–628, 
https://doi.org/10.1177/0309133311421708. 
[47] S. Jacobs, B. Burkhard, T. Van Daele, J. Staes, A. Schneiders, “The Matrix 
Reloaded”: a review of expert knowledge use for mapping ecosystem services, 
Ecol. Model. 295 (2015) 21–30, https://doi.org/10.1016/j. 
ecolmodel.2014.08.024. 
[48] N. Pelletier, P. Tyedmers, An ecological economic critique of the use of market 
information in life cycle assessment research, J. Ind. Ecol. 15 (2011) 342–354, 
https://doi.org/10.1111/j.1530-9290.2011.00337.x. 
[49] K. Van Assche, G. Verschraegen, V. Valentinov, M. Gruezmacher, The social, the 
ecological, and the adaptive. Von Bertalanffy’s general systems theory and the 
adaptive governance of social-ecological systems, Syst. Res. Behav. Sci. 36 (2019) 
308–321, https://doi.org/10.1002/sres.2587. 
[50] J. Boyd, S. Banzhaf, What are ecosystem services? The need for standardized 
environmental accounting units, Ecol. Econ. 63 (2007) 616–626, https://doi.org/ 
10.1016/j.ecolecon.2007.01.002. 
[51] F. Perez, A.E. Luis, E. Sanchez, Assessing the evolution of sustainability reporting 
in the mining sector, Environ. Manag. 43 (2009) 949–961, https://doi.org/ 
10.1007/s00267-008-9269-1. 
[52] B. Astbury, F.L. Leeuw, Unpacking black boxes: mechanisms and theory building 
in evaluation, Am. J. Eval. 31 (2010) 363–381, https://doi.org/10.1177/ 
1098214010371972. 
[53] E. Turnhout, M. Hisschemoller, H. Eijsackers, Ecological indicators: between the 
two fires of science and policy, Ecol. Indicat. 7 (2007) 215–228, https://doi.org/ 
10.1016/j.ecolind.2005.12.003. 
[54] J. Brown, Democracy, sustainability and dialogic accounting technologies: taking 
pluralism seriously, Crit. Perspect. Account. 20 (2009) 313–342, https://doi.org/ 
10.1016/j.cpa.2008.08.002. 
[55] M. Schroter, E.H. van der Zanden, A.P.E. van Oudenhoven, R.P. Remme, H. 
M. Serna-Chavez, R.S. de Groot, P. Opdam, Ecosystem services as a contested 
concept: a synthesis of critique and counter-arguments, Conserv. Lett. 7 (2014) 
514–523, https://doi.org/10.1111/conl.12091. 
[56] C. Larrinaga-Gonzalez, F. Carrasco-Fenech, F.J. Caro-Gonzalez, C. Correa-Ruíz, 
J. María Paez-Sandubete, The role of environmental accounting in organizational 
change -An exploration of Spanish companies, Accounting, Audit, Accountants’ J. 
14 (2001) 213–239, https://doi.org/10.1108/09513570110389323. 
[57] K. van Assche, M. Duineveld, R. Beunen, P. Teampau, Delineating locals: 
transformations of knowledge/power and the governance of the danube delta, 
J. Environ. Policy Plan. 13 (2011) 1–21, https://doi.org/10.1080/ 
1523908X.2011.559087. 
[58] F. Mellemvik, N. Monsen, O. Olson, Functions of accounting - a discussion, Scand. 
J. Manag. 4 (1988) 101–119, https://doi.org/10.1016/0956-5221(88)90003-6. 
[59] S. Burchell, C. Clubb, A. Hopwood, J. Hughes, J. Nahapiet, The roles of 
accounting in organizations and society, Account. Org. Soc. 5 (1) (1980) 5–27. 
[60] K. Van Assche, A.K. Hornidge, A. Schlüter, N. Vaidianu, Governance and the 
coastal condition: towards new modes of observation, adaptation and integration, 
Mar. Policy (2019), https://doi.org/10.1016/j.marpol.2019.01.002. 
[61] F. Birkin, The ecological accountant: from the cogito to thinking like a mountain, 
Crit. Perspect. Account. 7 (1996) 231–257, https://doi.org/10.1006/ 
cpac.1996.0031. 
[62] M. Duineveld, K. Van Assche, R. Beunen, Re-conceptualising political landscapes 
after the material turn: a typology of material events, Landsc. Res. 42 (2017) 
375–384, https://doi.org/10.1080/01426397.2017.1290791. 
[63] V. Valentinov, Materiality in natural resource management: a systems theory 
view, J. Environ. Policy Plan. 19 (2017) 323–326, https://doi.org/10.1080/ 
1523908X.2017.1341305. 
[64] H. Christie, K.M. Norderhaug, S. Fredriksen, Macrophytes as habitat for fauna, 
Mar. Ecol. Prog. Ser. 396 (2009) 231–243. 
[65] H. Gundersen, T. Bryan, W. Chen, F.E. Moy, A.N. Sandman, G. Sundblad, 
S. Schneider, J.H. Andersen, S. Langaas, M.G. Walday, Ecosystem Services in the 
Coastal Zone of the Nordic Countries, 2017. 
[66] K.A. Krumhansl, R.E. Scheibling, Production and fate of kelp detritus, Mar. Ecol. 
Prog. Ser. 467 (2012) 281–302, https://doi.org/10.3354/meps09940. 
[67] K.M. Norderhaug, H.C. Christie, Sea urchin grazing and kelp re-vegetation in the 
NE Atlantic, Mar. Biol. Res. 5 (2009) 515–528, https://doi.org/10.1080/ 
17451000902932985. 
[68] R.W. Elner, R.L. Vadas, Inference IN ecology: the SEA urchin phenomenon IN the 
northwestern atlantic, Am. Nat. 136 (1990) 108–125. 
[69] H. Christie, H. Gundersen, E. Rinde, K. Filbee-Dexter, K.M. Norderhaug, 
T. Pedersen, T. Bekkby, J.K. Gitmark, C.W. Fagerli, Can multitrophic interactions 
and ocean warming influence large-scale kelp recovery? Ecol. Evol. 9 (2019) 
2847–2862, https://doi.org/10.1002/ece3.4963. 
[70] A.R.O. Chapman, Stability of sea urchin dominated barren grounds following 
destructive grazing of kelp in St. Margaret’s Bay, Eastern Canada, Mar. Biol. 62 
(1981) 307–311, https://doi.org/10.1007/BF00397697. 
[71] E. Rinde, H. Christie, C.W. Fagerli, T. Bekkby, H. Gundersen, K.M. Norderhaug, 
D. Hjermann, The influence of physical factors on kelp and sea urchin distribution 
in previously and still grazed areas in the NE Atlantic, PLoS One 9 (2014), 
https://doi.org/10.1371/journal.pone.0100222. 
[72] T. Bekkby, F.E. Moy, Developing spatial models of sugar kelp (Saccharina 
latissima) potential distribution under natural conditions and areas of its 
disappearance in Skagerrak, Estuar. Coast Shelf Sci. 95 (2011) 477–483, https:// 
doi.org/10.1016/j.ecss.2011.10.029. 
[73] F.E. Moy, H. Christie, Large-scale shift from sugar kelp (Saccharina latissima) to 
ephemeral algae along the south and west coast of Norway, Mar. Biol. Res. 8 
(2012) 309–321, https://doi.org/10.1080/17451000.2011.637561. 
[74] R.M. Araújo, J. Assis, R. Aguillar, L. Airoldi, I. Barbara, I. Bartsch, T. Bekkby, 
H. Christie, D. Davoult, S. Derrien-Courtel, C. Fernandez, S. Fredriksen, 
F. Gevaert, H. Gundersen, A. Le Gal, L. Leve^que, N. Mieszkowska, K. 
M. Norderhaug, P. Oliveira, A. Puente, J.M. Rico, E. Rinde, H. Schubert, E. 
W. Chen et al.                                                                                                                                                                                                                                   
Marine Policy 112 (2020) 103758
11
M. Strain, M. Valero, F. Viard, I. Sousa-Pinto, Status, trends and drivers of kelp 
forests in Europe: an expert assessment, Biodivers. Conserv. 25 (2016) 
1319–1348, https://doi.org/10.1007/s10531-016-1141-7. 
[75] U. Pascual, P. Balvanera, S. Díaz, G. Pataki, E. Roth, M. Stenseke, R.T. Watson, 
E. Bas¸ak Dessane, M. Islar, E. Kelemen, V. Maris, M. Quaas, S.M. Subramanian, 
H. Wittmer, A. Adlan, S.E. Ahn, Y.S. Al-Hafedh, E. Amankwah, S.T. Asah, 
P. Berry, A. Bilgin, S.J. Breslow, C. Bullock, D. Caceres, H. Daly-Hassen, 
E. Figueroa, C.D. Golden, E. Gomez-Baggethun, D. Gonzalez-Jimenez, J. Houdet, 
H. Keune, R. Kumar, K. Ma, P.H. May, A. Mead, P. O’Farrell, R. Pandit, 
W. Pengue, R. Pichis-Madruga, F. Popa, S. Preston, D. Pacheco-Balanza, 
H. Saarikoski, B.B. Strassburg, M. van den Belt, M. Verma, F. Wickson, N. Yagi, 
Valuing nature’s contributions to people: the IPBES approach, Curr. Opin. 
Environ. Sustain. 26–27 (2017) 7–16, https://doi.org/10.1016/j. 
cosust.2016.12.006. 
[76] K.M. Norderhaug, H. Christie, J.H. Fosså, S. Fredriksen, Fish-macrofauna 
interactions in a kelp (Laminaria hyperborea) forest, J. Mar. Biol. Assoc. U. K. 85 
(2005) 1279–1286, https://doi.org/10.1017/S0025315405012439. 
[77] W.L. Zemke-White, S.R. Speed, D.J. Mcclary, Beach-cast Seaweed: a Review, New 
Zealand Fish. Assess. Rep. 2005/44, 2005. (Accessed 27 October 2019). 
[78] E. Ramirez-Llodra, E. Rinde, H. Gundersen, H. Christie, C.W. Fagerli, 
S. Fredriksen, J.K. Gitmark, K. Norling, M.G. Walday, K.M. Norderhaug, A snap 
shot of the short-term response of crustaceans to macrophyte detritus in the deep 
Oslofjord, Sci. Rep. 6 (2016), https://doi.org/10.1038/srep23800. 
[79] D. Krause-Jensen, C.M. Duarte, Substantial role of macroalgae in marine carbon 
sequestration, Nat. Geosci. 9 (2016) 737–742, https://doi.org/10.1038/ 
ngeo2790. 
[80] C.M. Duarte, Reviews and syntheses: hidden forests, the role of vegetated coastal 
habitats in the ocean carbon budget, Biogeosciences 14 (2017) 301–310, https:// 
doi.org/10.5194/bg-14-301-2017. 
[81] L.M. Mortensen, Remediation of nutrient-rich, brackish fjord water through 
production of protein-rich kelp S. latissima and L. digitata, J. Appl. Phycol. 29 
(2017) 3089–3096, https://doi.org/10.1007/s10811-017-1184-5. 
[82] J.R.C. Freitas, J.M. Salinas Morrondo, J. Cremades Ugarte, Saccharina latissima 
(Laminariales, Ochrophyta) farming in an industrial IMTA system in Galicia 
(Spain), J. Appl. Phycol. 28 (2016) 377–385, https://doi.org/10.1007/s10811- 
015-0526-4. 
[83] S. Hadley, E. Jones, C. Johnson, K. Wild-Allen, C. Macleod, A Bayesian inference 
approach to account for multiple sources of uncertainty in a macroalgae based 
integrated multi-trophic aquaculture model, Environ. Model. Softw 78 (2016) 
120–133, https://doi.org/10.1016/j.envsoft.2015.12.020. 
[84] B. Gaylord, J.H. Rosman, D.C. Reed, J.R. Koseff, J. Fram, S. MacIntyre, 
K. Arkema, C. McDonald, M.A. Brzezinski, J.L. Largier, S.G. Monismith, P. 
T. Raimondi, B. Mardian, Spatial patterns of flow and their modification within 
and around a giant kelp forest, Limnol. Oceanogr. 52 (2007) 1838–1852, https:// 
doi.org/10.4319/lo.2007.52.5.1838. 
[85] J.H. Rosman, J.R. Koseff, S.G. Monismith, J. Grover, A field investigation into the 
effects of a kelp forest (Macrocystis pyrifera) on coastal hydrodynamics and 
transport, J. Geophys. Res. Ocean. 112 (2007), https://doi.org/10.1029/ 
2005JC003430. 
[86] M. Mork, The effect of kelp in wave damping, Sarsia 80 (1996) 323–327, https:// 
doi.org/10.1080/00364827.1996.10413607. 
[87] Y. Lehahn, K.N. Ingle, A. Golberg, Global potential of offshore and shallow waters 
macroalgal biorefineries to provide for food, chemicals and energy: feasibility and 
sustainability, Algal Res. 17 (2016) 150–160, https://doi.org/10.1016/j. 
algal.2016.03.031. 
[88] S. Christensen-Dalsgaard, J. Mattisson, T. Bekkby, H. Gundersen, R. May, 
E. Rinde, S.H. Lorentsen, Habitat selection of foraging chick-rearing European 
shags in contrasting marine environments, Mar. Biol. (2017) 164–196, https:// 
doi.org/10.1007/s00227-017-3227-5. 
[89] A. BjøRge, T. Bekkby, E.B. Bryant, Summer home range and habitat selection of 
harbor seal (Phoca vitulina) pups, Mar. Mamm. Sci. 18 (2002) 438–454, https:// 
doi.org/10.1111/j.1748-7692.2002.tb01047.x. 
[90] K.Y. Wong, J.H. Chuah, C. Hope, The impact of time horizon on integrated 
climate assessment models, Clean Technol. Environ. Policy 17 (2015) 2361–2374, 
https://doi.org/10.1007/s10098-015-0978-x. 
[91] Norwegian Minstry of Climate and Environment, First update of the integrated 
management plan for the marine environment of the Barents Sea and Lofoten area 
10 (2010–2011) (2011). Meld.St. 
[92] Norwegian Minstry of Climate and Environment, Update of the Integrated 
Management Plan for the Barents Sea – Lofoten Area Including an Update of the 
Delimitation of the Marginal Ice Zone. Meld. St. 20 (2014–2015) Report to the 
Storting (White Paper, 2014. 
[93] L. Buhl-Mortensen, I. Galparsoro, T. Vega Fernandez, K. Johnson, G. D’Anna, 
F. Badalamenti, G. Garofalo, J. Carlstrom, J. Piwowarczyk, M. Rabaut, 
J. Vanaverbeke, C. Schipper, J. van Dalfsen, V. Vassilopoulou, Y. Issaris, L. van 
Hoof, E. Pecceu, K. Hostens, M.L. Pace, L. Knittweis, V. Stelzenmüller, 
V. Todorova, V. Doncheva, Maritime ecosystem-based management in practice: 
lessons learned from the application of a generic spatial planning framework in 
Europe, Mar. Policy 75 (2017) 174–186, https://doi.org/10.1016/j. 
marpol.2016.01.024. 
[94] A. Meiner, Integrated maritime policy for the European Union - consolidating 
coastal and marine information to support maritime spatial planning, J. Coast. 
Conserv. 14 (2010) 1–11, https://doi.org/10.1007/s11852-009-0077-4. 
[95] Norwegian Minstry of Climate and Environment, Regulation on Conservation of 
Ytre Hvaler National Park, 2009. *, https://lovdata.no/dokument/MV/forsk 
rift/2009-06-26-883?qytrehvaler. 
[96] Norwegian Environment Agency, Om Ytre Hvaler Nasjonalpark. http://www.mi 
ljodirektoratet.no/no/Tema/Verneomrader/Norges-nasjonalparker/Ytre-Hvaler/ 
Ytre-Hvaler-nasjonalpark/, 2018. 
[97] ABS, Experimental Environmental-Economic Accounts for the Great Barrier Reef, 
2017. https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4680.0Main
Features12017?OpenDocument#. (Accessed 30 October 2019). 
[98] R.H. Platt, Land Use and Society: Geography, Law, and Public Policy, third ed., 
Island Press-Center for Resource Economics, 2014 https://doi.org/10.5822/978- 
1-61091-455-0. 
[99] A. Balducci, L. Boelens, J. Hillier, T. Nyseth, C. Wilkinson, Introduction: strategic 
spatial planning in uncertainty: theory and exploratory practice, Town Plan. Rev. 
82 (2011) 481–501, https://doi.org/10.3828/tpr.2011.29. 
[100] Norwegian Directorate of Fisheries, Kelp Harvesting, 2015. https://www.fisker 
idir.no/Yrkesfiske/Areal-og-miljoe/Tarehoesting. 
[101] Norwegian Directorate of Fisheries, Marine Protected Area Relevant for Fishery, 
2017. https://www.fiskeridir.no/Yrkesfiske/Areal-og-miljoe/Marine-verneomr 
aader-MPA. 
[102] Norwegian Ministry of Trade Industry and Fishery, Forskrift Om Høsting Av Tang 
Og Tare, Changed in 2004 Nr 1526, 1995. https://lovdata.no/dokument/SF/for 
skrift/1995-07-13-642?qreguleringavhøstingavtare. 
[103] L. Recuero Virto, J.L. Weber, M. Jeantil, Natural capital accounts and public 
policy decisions: findings from a survey, Ecol. Econ. 144 (2018) 244–259, https:// 
doi.org/10.1016/j.ecolecon.2017.08.011. 
[104] L. Von Bertalanffy, G. Braziller, General System Theory Foundations, 
Development, Applications Revised Edition, New York, 1968. 
[105] D.R. Armitage, R. Plummer, F. Berkes, R.I. Arthur, A.T. Charles, I.J. Davidson- 
Hunt, A.P. Diduck, N.C. Doubleday, D.S. Johnson, M. Marschke, P. McConney, E. 
W. Pinkerton, E.K. Wollenberg, Adaptive co-management for social-ecological 
complexity, Front. Ecol. Environ. 7 (2009) 95–102, https://doi.org/10.1890/ 
070089. 
[106] M. Scheffer, Complex systems: foreseeing tipping points, Nature 467 (2010) 
411–412, https://doi.org/10.1038/467411a. 
[107] R.D. Horan, E.P. Fenichel, K.L.S. Drury, D.M. Lodge, D.M.L. Designed, D.M. 
L. Performed, Managing ecological thresholds in coupled environmental-human 
systems, Proc. Natl. Acad. Sci. 108 (2011) 7333–7338, https://doi.org/10.1073/ 
pnas.1005431108. 
[108] J.C. Rocha, G.D. Peterson, R. Biggs, Regime shifts in the anthropocene: drivers, 
risks, and resilience, PLoS One 10 (2015), https://doi.org/10.1371/journal. 
pone.0134639. 
[109] M. Scheffer, S.R. Carpenter, Catastrophic regime shifts in ecosystems: linking 
theory to observation, Trends Ecol. Evol. 18 (2003) 648–656, https://doi.org/ 
10.1016/j.tree.2003.09.002. 
[110] S. Jentoft, Small-scale fisheries within maritime spatial planning: knowledge 
integration and power, J. Environ. Policy Plan. 19 (2017) 266–278, https://doi. 
org/10.1080/1523908X.2017.1304210. 
[111] J.A. Throgmorton, Planning as Persuasive Storytelling: the Rhetorical 
Construction of Chicago’s Electric Future, University of Chicago Press, 1996. 
W. Chen et al.                                                                                                                                                                                                                                   
